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VIBRATION RESPONSES OF TEST STRUCTURE NO. 1 
DURING THE EDWARDS AIR FORCE BASE PHASE OF THE 
NATIONAL SONIC BOOM PROGRAM 
By Donald S. Findley, Vera Huckel, and Herbert R .  Henderson 
INTRODUCTION 
I n  order to evalmte  reaction of people t o  sonic booms of varying over- 
pressures and time durations, a ser ies  of closely controlled and systematic 
flight test  studies were conducted by the USAF' i n  the v ic in i ty  of Edwards,  
California, from June 3 t o  June 23,  1966. 
di rec t  support of them, the NASA has measured the dynamic responses of several  
building structures. The purpose of t h i s  paper is t o  present i n  b r ie f  summazy 
form the measurements made i n  a one-story residence structure (Edwards tes t  
structure No. 1). Similar data for a two-story residence strycture are  
included i n  reference 1. 
As a part  of these studies and i n  
Included herein are sample acceleration and s t r a in  recordings from F-104, 
B-58, and XB-70 sonic-boom exposures, along with tabulations of the maxim 
acceleration and s t r a i n  values measured fo r  each one of about 140 f l i g h t  tests. 
These data are compared wi th  similar measurements for  engine noise exposures 
of the building during simulated landing approaches and takeoffs of KC-135 
a i r c ra f t .  
APPARATUS AND METHODS 
Te s t Conditions 
Tests described herein were accomplished i n  an area near the main base 
complex of Edwards Air Force Base, California, (See f i g .  1.) from June 3 
through June 23, 1966. The area has an elevation of about 2,300 f ee t  above 
sea level ,  has spa.rse vegetation, and is essent ia l ly  f lat  (See the photograph 
of f ig .  2.). 
Flights  were made generally fram the east (See f ig .  1.) i n  such a way 
that the sonic boom waves encountered no other obstructions i n  the v ic in i ty  of 
the test  structures.  
and a microphone array used t o  measure the sonic boom and noise exposures. 
The sketch of figure 3 shows a planview of the s t ructures  
The bulk of the tests were performed i n  the mornings t o  take advantage of 
the generally calm wind and atmospheric conditions prevsiling at tha t  time of 
b Y  9 
Test Aircraft 
The four a i rcraf t  indicated i n  figure 5 were used during the t e s t s .  
Aircraft  (a) i s  an F-104 having a length of 54.5 feet and a m a x i m u m  gross 
weight of 22,700 pounds. 
and a m a x i m u m  gross weight of 160,000 pounds. T e s t  a i r c r a f t  (c),  an XB-70, 
is  185 f e e t  long and has a m a x i m u m  gross weight of 525,000 pounds. 
(d) i s  a KC-135 having a length of 134.5 f e e t  and a gross weight of 275,000 
pounds. All a i rc raf t  were maintained and operated by the Air Force. 
actual operating conditions f o r  each of these a i r c r a f t  fo r  the tests reported 
herein are  l i s t e d  i n  Tables I1 through V. 
Aircraft (b) i s  a B-58 having a length of 96.8 f e e t  
Aircraft  
The 
Aircraft  Positioning 
The supersonic a i r c ra f t  were for  all but one f l i g h t  on e i ther  a 245' or a 
233O heading direct ly  over the t e s t  area or  on a pa ra l l e l  t rack f ive  miles 
north of the t e s t  asea as shown i n  f igure 1. The a i r c r a f t  were at al l  times 
under ground control and were being tracked by radar. 
a l t i tude,  Mach number, and lateral. displacement from the t e s t  area as l i s t e d  
i n  Tables I1 through V, were obtained from the radar plots .  The KC-135 flew 
on approximately a 40' heading for  all f l i g h t s  w i t h  a l t i tude  varying from 
2,500 t o  14,300 f t ,  w i t h  reference t o  mean sea level .  
Data on the heading, 
Weather Ob servat i ons 
Rawinsonde soundings were made during the time the flight t e s t s  were being 
carried on each day. 
location of which is  indicated i n  figure 1. Soundings involved measurements 
of pressure, temperature, humidity, wind velocity, and wind direction every 
1,000 f ee t .  
above fl ight a l t i tudes.  
They were made from the Edwards  weather s ta t ion,  the 
Such measurements were taken up t o  a l t i tudes  a t  least 5,000 f ee t  
Surface conditions i n  the t e s t  area were such t h a t  temperatures varied 
from 57O t o  97', and the re la t ive  humdiity varied from 10 percent t o  44 
percent. For the bulk of the data included, surface wind velocity w a s  too 
low t o  be an important factor.  
Test Structures 
Two precut residence type t e s t  structures of ordinary frame construction 
were erected by 811 Air Force contractor i n  an area that contained about t e n  
other residences as shown i n  figure 2. T e s t  structure No. l w a s  a single- 
s tory three-bedroom house while t e s t  structure No. 2 was a two-story four- 
bedroom house, having a floor plan as indicated schematically i n  figure 4. 
Both houses were finished inside and out, contained appropriate furnishings, 
and were instrumented w i t h  microphones, accelerometers, and s t r a in  gages. Data 
from house No. 2 are presented i n  reference lwhereas  data for  house No. 1 are  
presented herein. The f loor  plan and instrument location plan for  house No. 1 
are included i n  figure 4 fo r  information. 
An area outside of the houses w a s  ins t rmented w i t h  microphones as 
indicated i n  figure 3.  A number of people were stationed i n  the houses and i n  
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the  immediate area outside of the houses for  the subjective response par t  of 
the tests. 
sonic boom and noise measurements. 
Data on the  vibration responses of house No. 1 are correlated w i t h  
INSTRUMENTATION 
Test structure No. 2 w a s  instrumented wi th  nine accelerometers, three 
s t r a i n  gages t o  measure vibratory responses, and two full-range and three 
audio-range microphones t o  measure inside pressure fluctuations (See f i g .  4. ) . 
Table I i s  included t o  describe i n  more d e t a i l  the locations of the above 
transaucers and the quantit ies measured. In  addition, one audio-microphone and 
s ix  full-range microphones were located outside the t e s t  structure t o  measure 
the acoustic and shock wave inputs respectively (See f ig .  3 . ) .  
The s ix  full-range pressure microphones were located i n  a cruciform array 
immediately t o  the north'-east of test  structure No. 2. Five of the microphones 
were mounted i n  ref lect ion boards at ground leve l  with the remaining microphone 
at  the top of a 20-foot mast located a t  the center of the array (See f i g .  3 . ) .  
All data were recorded on multi-channel magnetic tape recorders. An IRIG time 
signal w a s  recorded on one channel of each tape recorder for ' t ime correlation 
between the radar plots  and all other measurements. 
accelerometer, s t r a in  gage, and microphone systems are included i n  figure 6. 
Block diagrams of the 
Each full-range system consisted of a specially modified condenser 
microphone, tuning unit ,  dc amplifier, magnetic tape recorder, and a direct-  
write oscillograph for  quick visual checks on the data. 
frequency response which is  f la t  w i t h i n  
m a x i m u m  sound pressure level r a t i n g  of 150 dB. 
each day ju s t  before the t e s t s  w i t h  a124 dB acoustic signal applied a t  the 
microphone. 
The systems have a 
2 dB from 0 . 1 t o  10,000 Hz and a 
All microphones were calibrated 
Each a d o  range microphone system was made up of a microphone, power 
supply, amplifier, tape recorder, and direct-write oscillograph. The frequency 
response of each of these systems i s  f l a t  w i th in  2 1 dB from about 30 t o  
10,000 Hz, w i t h  a maximum sound pressure l eve l  ra t ing of 140 dB. 
The accelerometers used were of the servo type and were fastened w i t h  wood 
screws where possible. 
on gyp board panels. 
control panel before being recorde$ on magnetic tape. 
measure frequencies up t o  500 Hz ( -  5 percent) and accelerations up t o  a level 
of 2 " g ' s " .  
before the tests each day. 
Molly bol t s  were used when accelerometers were mounted 
The signal from each accelerometer was conditioned by a 
The accelerometers could 
They were calibrated by an e l e c t r i c a l  current insertion imedia te iy  
For each s t r a in  gage c i rcu i t ,  a semi-conductor s t r a in  gage was used 
followed by a conditioning network, a s t ra in  gage control p n e l ,  and a magnetic 
tape recorder. 
over frequencies from 0 t o  10 K Hz. 
t e s t s  each day by a voltage balancing method. 
The s t r a i n  leve l  range of the systems was up t o  400 p in . / in .  
The systems were calibrated before the 
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RESULTS AND DISCUSSION 
Inputs t o  the Structure 
One of the main objectives of the tes t  studies w a s  t o  evaiuatc the 
responses of the structure t o  sonic boom inputs of varying wave ~ e n @ h a .  
order t o  accomplish this, controlled f l i g h t  tests were performed using F-104, 
B-58, and XB-70 a i r c ra f t .  
aircraft a re  illustrated i n  f igure 7. The main differences i n  t h e  sonic boom 
signatures from t he  above three a i r c r a f t  were i n  the t i m e  durations of the 
waves. The F-104 a i rc raf t  produced a signature having a time duration gener- 
a l l y  less than 0.1 second. 
0.2 second, and the XB-70 produced a time duration as long as 0.3 sccocd. The 
experiments were obtained i n  such a way that the overpressure la? V P , ~  com~arable 
fo r  the various a i r c ra f t .  The average Apo, At,  and ve r t i ca l  wcwe mgle  values 
are recorded in  Tables I1 through I V  along w i t h  the  associated airisraSr, flight 
conditions and building response data. 
In 
Sample sonic boom wave forms as measured from these 
The B-58 signature had a time durai ion 0% about 
I n  addition t o  the sonic boom inputs a ser ies  of flight t r n %  w a - < e  
conducted w i t h  the  KC-135 airplane i n  order to simulate both take-of'f and land- 
ing noise conditions. During these la t ter  noise flights s b i l r r  buU&.n@; 
response measurements were made for  d i r ec t  comparison wi th  the sonic boom 
induced responses. The noise l eve l  conditions outside of the &u.i.l&ing are  
l i s t e d  i n  Table V along with the KC-135 aircraft f l i gh t  couditions mid the 
associated building response data. 
Building Vibration Responses 
For each data f l i g h t ,  acceleration leve ls  were meas~ja-r:d EL: 9 jyi?,ts i n  
t e s t  structure No. 1 and s t r a in  leve ls  were measured at 3 points  as i*idlcated 
i n  the schematic diagram of figure 4 and as described i n  the r c m k s  of 
Table 1. A quantitative picture of the  type of time h is tory  records c;btained 
during the sonic boom exposure flights i s  given by the tracing6 of sample 
records I n  figures 8 and 9. 
Figure 8 contains tracings of s t r a in  time h i s to r i e s  racord.ed a w h g  
Mssion 80 RB f o r  three d i f fe ren t  windows of house No. 1. Ttic- t race cS' 
figure 8 (b)  represents a smal l  window having a period of vl5x. tkon o d y  a 
f rac t ion  of tha t  of the sonic born wave. 
8 (c) 
t o  t h a t  of the sonic boom wave. 
The traces of f igures  8 (a> a.nd 
on the other hand represent windows for  which the  pariocs w e  conparable 
Figuse 9 includes acceleration time his tory responses f r o n  8 trmsducer 
locations on the building fo r  a B-58 sonic boom exposure (See Mission 18 B .) . 
Each of these t ransient  signals last less than 1.0 second, but they dlffer 
widely i n  the i r  deta,iled appearance. 
trated i n  figure 9 (a)  exhibits a nearly s ingle  frequency vibration at &bout 
20 cps which is believed t o  be the  first  natural  f'requency of the nain floor 
j o i s t s .  Similar results are given i n  figures 9 b) and 9 ( c )  fo r  other fioor 
locations.  The tracings of figures 8 ( f )  and 8 g) represent ce i l ing  accelera- 
t ions  and contsin some higher frequency content 100 - 200 cps) superpsed on 
4 
For instance, the  L i m e  history Illus- 
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the  lower framing frequencies. 
exhibit  a sizeable contribution at even higher frequencies (several  hundred 
cps) which are superposed on the lower framing or racking mode frequencies 
respectively. 
The tracings of figure 9 (d), 9 (e) ,  and 9 (b )  
Included i n  the data of Tables  11, 111, and N are peak acceleration 
The values of the tables  values fo r  records such as those of figure 9 .  
represent the three largest  instantaneous acceleration peak values for  each 
sonic boom run. 
deflections as indicated i n  f igure 8 and represent movements of the structure 
toward the accelerometer. Likewise negative values indicate downward deflec- 
t ions  and movements of’ the  structure away from the accelerometer. 
The posit ive values of the table  correspond t o  upward 
Included i n  f igure 10 are tracings of the acceleration responses of the 
bedroom eas t  w d l  (Channel 111) due t o  excitation from sonic booms from 
three a i r c ra f t .  The top t race  was obtained f o r  an F-104, the middle one fo r  
a B-58, and the bottom one for  the XB-70. They are generally low frequency 
responses with higher frequencies of re la t ively lower amplitude superposed. 
One distinguishing feature  of these records i s  the high frequency bursts a t  
time intervals  corresponding approximately t o  the rapid compressions of the 
sonic boom waves of figure 7. 
Similar data are shown for Channel U i n  figure 11. These t races  
Here again the high frequency 
represent the  responses of one portion of the building t o  sonic booms from 
different  missions of the B-58 aircraft. 
bursts occur at the times of passage of the waves. 
records are similar i n  t h e i r  gross  features but d i f f e r  markedly i n  t h e i r  
smal l  deta i l s .  
It can be seen tha t  the 
The peak acceleration amplitudes as determined from t races  such as those 
of figures 9, 10, and 11 are plotted as a function of sonic boom overpressure 
i n  figure 12. 
whichever i s  the largest ,  from Channel111 of Table  11. The sonic born 
overpressure value i s  the average of a l l  ground overpressures measured fo r  
t ha t  par t icular  flight by the microphone array of figure 3 and as l isted i n  
Tables 11, 111, and IV, 
The acceleration amplitudes are e i ther  posit ive or negative, 
Data are shown i n  figure 12 for  the F-104, B-58, and XB-70 airplanes. By 
means of the coding the data obtained f r m  overhead flights can be differen- 
t i a t ed  from those associated w i t h  f l i gh t s  displaced about 5 miles l a t e ra l ly .  
It can be seen tha t  acceleration amplitudes vary fkom about 0.10 g t o  about 
0.7 g and tha t  despite considerable scat ter  there i s  a general trend of 
increased acceleration leve l  with increased overpressure. 
symbol data points seem t o  be i n  good agreement with the open symbol poin ts .  
There i s  thus the suggestion tha t  the possible differences i n  wave angle and 
rise t i m e  due t o  the  of fse t  distance were significant w i t h  regasd t o  this 
particular measurement of building response. 
F-104 induced accelerations tend t o  be somewhat higher i n  amplitude than those 
of the B-58 fo r  given overpressure values. 
The closed 
As noted i n  reference 1, the 
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Although no samples of the noise induced s t ruc tura l  responses and inside 
acoustic measurement traces axe included herein, t he  maximum vdlues have been 
determined fromthe records and are tabulated i n  Tables I1 through V .  
general the sane qual i ta t ive  results were obtained as are i l l u s t r a t e d  i n  
reference 1. 
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CONCLUDING EEMARKS 
Various acceleration and s t r a i n  responses of a one-story residence 
s t ructure  were measured for  sonic boom exposures from F-104, B-58, and XB-70 
airplanes and fo r  engine noises during low a l t i t ude  flyovers of a KC-135 
airplane.  
one second i n  duration and contained frequencies associated w i t h  both primary 
and secondary s t ruc tura l  components. Wall acceleration amplitudes increased 
generally as a function of the sonic boom overpressure, and the F-104 seemed 
t o  induce the largest  amplitudes for  a given overpressure. 
several  f l i gh t s  at  the same nominal f l i g h t  conditions, the response records 
indicate the  same gross features;  however, considerable variations are noted 
i n  the peak responses and i n  the  detai led features of the records. 
r e su l t s  included herein are very similar i n  general t o  those tabulated i n  
NASA TM X 72704, fo r  a two-story residence type s t ructure  i n  the  same tes t  
area. 
The sonic boom induced vibration responses were generally less than 
I n  the  case of 
The 
TABLE I. - IDENTIFICATION, TYPE, IDCATION AND DESCRIFTION OF "HE VARIOUS V L B M I O N  RESPONSE AN3 PRESSURE 
TfUNSDUCEZIS FOR WHICH DATA ARE INCLUDED. 
W X R S  REFER M TASLFS I1 TBROuGfl 1V.) 
(ITEM DESIGNATIONS REFER M FIGURE 4 AND CHANNEL 
I ITJ3.l 
A 
B 
C 
D 
~ 
is 
F 
c: 
H 
I 
J 
h 
L 
M 
IJ 
0 
P 
CHANNEL 
NO. 
i O i  
102 
103 
104 
105 
16 
107 
i ; . J  
110 
111 
2U l  
202 
203 
205 
207 
208 
210 
211 
212 
TYPE DATE 
Accelerometer 613 - 6/23 
Accelerometer 613 - 6/23 
Accelerometer 613 - 6/14 
b/l5- 6/20 
ti/a- 6/23 
Accelerometer 613 - 0123 
Acceleraueter 613 - 6/23 
Accelerometer 6 / 3  - 6/5 
~ / 6  - 6/23 
k c e l e r a m e t e r  613 - 6/23 
Accelerometer (013 - 6j??, 
Acceleraneter 5 / j  - 6/23 
Audio Mike 
A d o  Mike 
Audio Mike 
Audio Mike 
F u l l  Range 
Mike 
hill Range 
Mike 
~ i 3  - 6/23 
613 - 6/23 
613 - 6/23 
613 - 6/5 
616 - 6/14 
6/15- 6/23 
b/3 - b/7 
618 - 6/23 
613 - 617 
6/11 - 6/23 
S t r a i n  Gage 6/3 - 6/23 
S t r a i n  Gage 613 - 6/23 
S t r a i n  Gage 613 - 6/23 
U X A T I O N  
Center of Living Room Floor 
Center of Family Room Floor 
Center of Bedroom No. 1 Floor 
Non Operational 
Outside Between S. and W .  A r m s  
of Cruciform Array, On Ground 
I n  House No. 2, Center of 
Family Roam Floor  
Outside, E.  W a l l ,  N.E. Corner, 
R o o f  Line 
Outside, N. W n l l ,  N.E. Corner, 
Roof Line 
Non Operational 
Outside, on Concrete P a t i o  
Center of Family Roam Cei l ing 
Center of B e d r o o m  No. 1 Ceilinr! 
Bedroom No. 1, Center of C .  Wall 
Center of Living Room 
Center of Family Room 
Center of Bedroom No. 1 
Outside, 90 Ft. From House No. 1 
Outside, 100 Pt. Frau House 
No. 1 
House No. 2, Center of Family 
Room 
Center of Family Room 
Center of FRmily Roaa 
I n  At t ic  Above Center of F d l y  
Room 
I n  A t t i c  Above Center of Family 
ROOUl 
On Stat ionary S ide  of S l id ing  
Door i n  Family Roan 
Bedroan No. 1, On Sta t ionary  
Pane of Windm i n  East W a l l  
On Lerge Windm i n  Oarage 
DESCRIPTION 
Mounted on Concrete Block 
Sens i t ive  Axis  V e r t i c a l  
Mounted on Concrete Block 
Sens i t ive  Axis Vert ica l  
Mounted on Concrete Block 
Sens i t ive  Axis Vert ica l  
Mounted on Concrete Block 
Sens i t ive  Axis V e r t i c a l  
Mounted on Concrete Block 
Sens i t ive  Axis Ver t ica l  
Mounted on Stud, GensJ.tive 
Axis Horizontal 
Mounted on Stud, Sens i t ive  
Axis Horizontal 
Mounted on Concrete B l o c k  
Sens i t ive  Axis Horizontal 
Mcunted on Gyp Bomd Panel 
Sens i t ive  Axis Vert ica l  
Mounted on Gm Board P a n e l  
Sens i t ive  Axis Vcrt ica i  
Mounted on Stud :;ensitive 
A x i s  Horizontal 
ShocK Suspended, Diaphragm 
t, Ft.  Above Floor 
Shock Suspended, Diaphragn 
6 Ft .  Above Floor  
Shock Suspended, Diaphragm 
h F t .  Above Floor 
Mounted 3 Ft. Above Ground, 
Diaphragm Point ing E .  , No 
Wind Screen 
Mounted 6 F t .  Above Grouna, 
Diaphragm Point ing N . ,  dind 
Screened 
Shock Suspenaea, U i a g r a p  
6 F t .  Above Floor 
Shock Suspended, D l a p h r w  
6 F t .  Above Floor Pointinp 
Down 
Shock Suspended, D i a p h r a g  
2 I n .  Below Cei l ing,  Pointed 
vp 
Shock Suspended, Diaphragm 
8 I n .  Above Cei l ing  J o i s t ,  
Pointed Up 
Shock Suspended, Diaphrsepl 
3 In .  Above Cei l ing  J o i s t ,  
Pointed Up 
Center of Glass, Sens i t ive  
Axis V e r t i c a l  
Center of Window, Sens i t ive  
Axis V e r t i c a l  
Center of Window, Sens i t ive  
Axis Horizontal 
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. Figure 1. Arrangement of f a c i l i t i e s  and equipment including test  area and aircraft f' l i&r 
t racks  (Arrows indicete  various f l i g h t  trac!rs used for tests.). 
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Figure 4.- Sketch of floor plan for t e s t  house No. 1 sharing transducer locations. 
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OF g u m  Figure 6 .  Block d i 0 e p . m ~  of measurement systems. 
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